Purpose-To examine how different activities performed during employment gaps are associated with later cognitive function and change. Results-Controlling for early-life socioeconomic status, school performance, and education, higher risk of cognitive impairment was associated with employment gaps described as unemployment (Odds Ratio [OR] = 1.18, 95 % Confidence Interval [CI] 1.04, 1.35) and sickness (OR = 1.78, 95 % CI 1.52, 2.09). In contrast, lower risk of cognitive impairment was associated with employment gaps described as training (OR = 0.73, 95 % CI 0.52, 1.01) or maternity (OR = 0.65, 95 % CI 0.57, 0.79). In longitudinal mixed effects models, training and maternity spells were associated with lower two-year aging-related cognitive decline.
INTRODUCTION
Education and working-life occupational complexity are associated with cognitive function in older age [1] [2] [3] [4] [5] . Cognitive reserve is the result of accumulated experiences throughout the lifecourse [6] [7] [8] [9] and could be influenced by prolonged periods of cognitively stimulating activities either in or out of the workplace. Predominant activities performed during employment gaps may thus predict cognitive function at older age. Periods out of work for training may promote cognitive reserve directly or indirectly by providing opportunities for career advancement and higher socioeconomic status (SES). Similarly, maternity spells may provide opportunities for long-term engagement in social relationships and reduce workfamily strain, which in the long run may promote cognitive reserve. In contrast, gaps without clearly defined or purposeful activities, such as unemployment or sickness may reduce cognitive reserve directly by limiting opportunities for cognitively demanding activities, or indirectly via less social participation or lower SES. Predictions of how homemaking could influence cognitive function are less straightforward. To our knowledge, the long-term impact of labor market involvement on later cognitive function and change has not been fully explored yet. Differentiating activities during leave may help to disentangle the mechanisms linking labor market inactivity to cognitive function in later life.
Based on complete work histories and extensive cognitive assessments among respondents to the Survey of Health, Ageing and Retirement in Europe (SHARE) in 13 countries, we examined how employment gaps associated with unemployment, sickness, homemaking, training, and maternity spells relate to cognitive function and aging-related cognitive decline at older age.
METHODS

Survey of Health, Ageing, and Retirement in Europe (SHARE)
Data came from the longitudinal population representative SHARE survey, which provides comparable information on health, employment, and social conditions of Europeans aged 50 and older. The survey has been described in detail elsewhere [10] . A German internal review board (IRB) has approved of ethical standards, study design and data collection [11] . Analyses have been conducted with 18,418 respondents of age 50 or older at time of the first interview from 13 countries (Austria, Germany, Sweden, Netherlands, Spain, Italy, France, Denmark, Greece, Switzerland, Belgium, Czech Republic, and Poland) who had completed the life-history assessment SHARELIFE in 2008/9. Sample numbers per country ranged from n = 539 (2.9 %) for Austria to n = 2,016 (10.9 %) for Greece. Only respondents younger than 75 years at the time of SHARELIFE were selected, entering the survey in 2004 (wave 1; n = 11,465) or 2006/2007 (wave 2; n = 6,989). Older participants were excluded to prevent possible selective attrition and risk of recall biases at older ages. A total of 18,259 respondents had three or more non-missing values on the five cognitive tests and were included in the cross-sectional analyses. Cognitive test scores of 9,880 respondents were available from both waves (see Table 1 ).
Working-life economic inactivity periods
Data on work histories came from SHARELIFE, which collected detailed retrospective lifehistories expanding through early childhood until last interview. Employment histories were assessed using the lifegrid method [12] to identify employment gaps from age 15 through last interview with a life history calendar. Economic inactivity was defined as period out of the labor market lasting six months or longer since leaving education or since age 15; respondents were asked to report the activity that best described their situation during the gap. We included spells in-between jobs and spells after the last job that occurred between ages 25 to 65. We identified having had at least one spell of unemployment, sickness or disability, homemaking, training or further fulltime education, and maternity spells of women lasting six months or longer as forms of economic inactivity.
Cognitive function
Cognitive function was assessed by five measures [13, 14] at SHARE entry in 2004 or 2006/7: Verbal fluency was assessed by naming as many animals as possible in one minute [5] . Immediate recall was assessed by asking respondents to recall as many words as possible from a ten-word list that had been read out loud once by the interviewer immediately before, delayed recall was assessed by asking the same list after a standardized interval. Orientation was assessed by asking respondents the correct day of month, day of the week, month, and year. Numeracy was assessed by five arithmetical calculation tasks. A summary cognitive function score of averaged z-scores of the five tests was built for individuals who had valid values for at least three of the tests. For longitudinal analyses, the summary score was built using wave 1 mean and standard deviation. In cross-sectional analyses, respondents were classified as being cognitively impaired if their score was in the lowest decile of the summary indicator.
Early and late life factors
We controlled for early life factors that could operate as confounders, assessed in 2008/9 [5] . Childhood SES was operationalized by the reported number of books in the household at age 10 in quintiles, a dichotomized deprivation score indicating availability of less than two items of household equipment at age 10 (fixed bath, cold running water supply, hot running water supply, inside toilet, central heating), and main breadwinner's occupation at age 10. The International Standard Classification of Occupation information (ISCO major groups) of main breadwinner's occupation was summarized as categorical variable with professional and managers, intermediate or lower supervisors, clerks, lower sales and services, lower technical and routine workers, and missing information [15] . Retrospective reports of school performance were operationalized as self-rated mathematical skills and language skills at age 10 relative to others. Educational attainment was measured based on national educational classifications and subsequently standardized using the International Standard Classification of Education (ISCED) [16] . ISCED information of respondents assessed at SHARE entry was regrouped as categorical variable with up to lower secondary education (n = 7,791), upper secondary (n = 5,798), tertiary (n = 4,475), and a separate category of those with missing information (n = 195).
Later-life SES and health were considered as late life confounders with potentially mediating role [17] , addressing our research question with a highly conservative approach. SES was assessed by income, wealth, and occupation of last job. Wealth was operationalized as household total net worth, defined as sum of financial and housing wealth minus liabilities; household income included income from all household members. Missing items for income and wealth were imputed [10] . To account for number of household members, values were divided by the square root of household members. Non-Euro values were converted and adjusted for purchasing power parity in the interview year. Income and wealth were categorized into country-specific quintiles. ISCO information of last job was assessed in 2008/9 and regrouped into same categories as for breadwinner's occupation.
Adult health was measured based on three complementary baseline assessments. Participants were asked to rate their health according to the ordinal categories 'excellent', 'very good', 'good', 'fair', and 'poor'. We measured disability as one or more limitation on any of Instrumental Activities of Daily Living (IADL). Using mobility indices or Activities of Daily Living produced comparable results. Individuals were asked whether they had been diagnosed with heart attack, high blood pressure or hypertension, high blood cholesterol, stroke, and diabetes or high blood sugar.
Statistical analysis
Analyses used pooled data for all countries as country-specific sub-samples were too small; all models were instead adjusted for country indicator variables. The analysis was carried out in two steps. First, cross-sectional models were conducted modeling cognitive impairment assessed at SHARE entry as a function of reports of economic inactivity spells using logistic regressions. All models included types of economic inactivity, country indicators, age and gender as covariates (model 1), additionally including early life factors (model 2), and baseline health and socioeconomic status measures (model 3).
To help address the possibility that patterns in the cross-sectional analyses reflected reverse influences of prior cognitive function on inactivity spells, we implemented longitudinal models as supplementary analyses. These patterns should be interpreted cautiously because of short follow-up period and limited statistical power. We used mixed (random-effects) models to assess age-related cognitive decline based on two successive assessments across a two-year period. To maximize statistical power, we used age at assessment as time scale for these models (exploiting within and between individual variations). The model was specified with individual-level random intercepts and fixed effects for country, gender, age (centered), occurrence of economic inactivity, an interaction term of age and the economic inactivity variable (model 1), plus early life factors (model 2), and late life factors (model 3). The coefficient of the age-inactivity interaction term indicates the association of economic inactivity with aging-related cognitive decline, the parameter of interest in these models. Results for men and women were similar and therefore only pooled results are reported. In analyses involving maternity spells, only women ever having had children were included to compare mothers with and without prolonged maternity spell.
All analyses were conducted using weights accounting for the complex sampling design and controlling for the inverse probability of being included in wave 1 or 2 and surviving until the SHARELIFE interview in 2008/9. Analyses were carried out using SPSS version 19. Table 1 shows sample characteristics for the entire sample (n = 9,900 female, 54.2 %). Mean age was 59 years, and 78 % reported to be married. Over 90 % of the sample had had at least one employment spell, and 32 % of respondents reported that they were still working in 2008/2009. Overall, 58.7 % of respondents experienced at least one spell of economic inactivity at ages 25 to 65. Frequencies of reported economic inactivity periods ranged from 7 % for training to 19 % for maternity spells of women lasting six months or more. Prevalence of cognitive impairment varied according to the history of economic inactivity spells (Table 2) .
RESULTS
Descriptive results
Cross-sectional analyses with cognitive impairment as outcome
In model 1, with covariates country, age, and gender, occurrence of unemployment, sickness, and homemaker spells were associated with increased risk of cognitive impairment (OR unemployment 1.17, 95 % CI 1.04, 1.33; OR sickness 2.32, 95 % CI 2.00, 2.70; OR homemaker 1.60, 95 % CI 1.41, 1.82). Training and maternity spells were associated with lower risk of cognitive impairment (OR training 0.46, 95 % CI 0.33, 0.62; OR maternity 0.60, 95 % CI 0.50, 0.72). After including early life factors (model 2), associations of unemployment, sickness, homemaker, and maternity spells with risk of cognitive impairment were attenuated and CIs were wider, but patterns remained quite similar. Additionally adjusting for adult socioeconomic, health measures, and risk factors known to cause cognitive impairment (model 3), attenuated associations of sickness, homemaker, and training spells with cognitive impairment included the null. However, occurrence of unemployment was associated with higher risk of cognitive impairment (OR1.19, 95 % CI 1.04, 1.36), whereas maternity spells were associated with lower risk of cognitive impairment (OR0.70, 95 % CI 0.57, 0.85). We conducted supplementary analyses stratifying by occupational class, as effects might differ for workers with different skill levels. A separate set of analyses testing the interaction of employment gaps and occupational title revealed significant interactions for unemployment and sickness spells. Further analyses stratified by occupational category showed that unemployment and sickness spells were associated with higher odds of cognitive impairment for respondents in higher occupations (Appendix table 1) .
Mixed effects models with cognitive function as outcome
Separate mixed models were used to examine the association between each type of economic inactivity and two-year change in the summary measure of cognitive function (averaged z-scores of five cognitive tests), controlling for country, age, gender (Table 4) , plus early life confounders (model 2), and late life factors (model 3; Table 5 ). Estimates for age correspond to a ten-year difference. Older age was associated with worse cognitive function in all models (in the model for unemployment, age per decade = −0.157, p < 0.001). Adjusted for early life factors, unemployment and sickness spells were associated with lower cognitive function, but unexpectedly with slower aging-related decline ( age × unemployment = 0.038, p < 0.05; age × sickness = 0.070, p < 0.01). Training and maternity spells also predicted slower aging-related cognitive decline ( age × training = 0.068, p < 0.01, age × maternity = 0.034, p < 0.05). Adjusted for late-life factors (model 3), only the association of training with slower aging-related cognitive decline was statistically significant ( = 0.075, p < 0.05).
Sensitivity analyses
A potential concern in the analysis is selective non-response due to severe cognitive impairment and recall bias at older age. As cognitive impairment is relatively rare before age 70, we first tested the robustness of results by running the analyses for respondents aged 50-70 only. Results were also unchanged after excluding respondents in the lowest decile of cognitive function. Patterns were similar if respondents reporting never having been in paid employment were excluded, if we controlled for first occupation as marker for cognitive reserve during early adulthood, or if all types of economic inactivity were analyzed in a single model. Analyses stratified by European region (Western, South, Northern, Eastern Europe) yielded qualitatively comparable results with imprecise CIs. Finally, physical inactivity and depression may be associated with both work inactivity and cognitive function and thus act as potential confounder. Incorporating physical inactivity (never moderate or vigorous activity) and depression (EURO D-caseness [18] ) in Model 3, results were essentially unchanged in both cross-sectional and longitudinal models (results available upon request).
DISCUSSION
Our findings suggest that spells of work inactivity in adult life are associated with cognitive function at older age, but the direction of this association depends on the activity performed during the employment gap. Unemployment or sickness spells were associated with higher risk of cognitive impairment and lower cognitive function. In contrast, training and maternity spells were associated with both lower risk of cognitive impairment and lower aging-related decline. These associations held for maternity spells after adjusting for baseline socioeconomic status, health, and risk factors known to cause cognitive impairment. Overall, results suggest potential for midlife cognitive activities to influence cognitive function at older age. However, we cannot rule out the possibility that unobserved early or midlife risk factors for later cognitive decline also affect employment histories.
Explanation of results
Causation mechanisms may partly contribute to our findings. After adjusting for attrition, sampling design, and early life conditions, employment gaps described as unemployment spells were associated with higher risk of cognitive impairment at older age. Earlier research has shown that job loss is associated with ill health [19] [20] [21] [22] , less favorable career pathways, and long-term declines in annual earnings [23] . A period of unemployment may limit opportunities for intellectual activity via cognitively demanding tasks [3] . In cross-sectional analyses, adult health and socioeconomic factors attenuated, but did not substantially reduce the association of unemployment and health, suggesting that unemployment spells, for which individuals do not report purposeful activities such as training or child raising may partly contribute to lower cognitive function in later life. This should be interpreted cautiously because we found no evidence that unemployment spells were associated with faster age-related decline.
Employment gaps described as sickness or homemaking were associated with higher risk of cognitive impairment, but these associations were largely explained by adult health and socioeconomic conditions, suggesting that any effects of inactivity periods due to sickness are partly attributable to health conditions such as stroke, which directly compromises cognitive function [24] . Individuals with temporary economic inactivity reported as sickness or homemaking may not achieve the SES of individuals with stable work trajectories [25] , which in turn may influence later-life cognitive function. Longitudinal models did not support direct effects of these inactivity spells on cognitive function.
Inactivity spells for maternity leave were associated with lower risk of cognitive impairment and slower aging-related decline. In contrast to homemaker spells, maternity spells reflected temporary economic inactivity suggesting potentially greater diversity of life-course tasks across periods of childraising and employment. In addition, prolonged maternity leave during the potentially stressful period raising an infant may have protected women from the stress of multiple marital, parental, and work roles [26] , leading to better mental health [27, 28] . Our results suggest that maternity spells may additionally be promoting cognitive reserve up to older age.
Employment gaps due to training may ultimately lead to higher SES. A training spell could also promote cognitive function directly by allowing individuals to engage in cognitively stimulating activities, whose benefits may remain beyond working ages. Concordance of cross-sectional and longitudinal findings suggests that benefits of training on cognitive function are not only beneficial through higher SES, but that training is promoting cognitive reserve in later life directly as well.
Selection mechanisms may contribute to some of our findings. Individuals with lower early life cognitive function and lower education may more often be laid off involuntarily [29] , may have a lower occupation [30] and a less stable and thus unfavorable employment trajectory compared to individuals with higher cognitive function [31, 32] . Employment characteristics such as supervisory experience may influence cognitive function [33, 34] . Long-term selection by early cognitive function cannot totally be ruled out. However, including a set indicators of cognitive reserve and childhood SES [35] in longitudinal models showed that selection into inactivity due to these factors may partly but not fully explain our findings, especially considering that associations of inactivity due to training and maternity with cognitive decline held up in longitudinal analyses.
Poor working-life health may also increase chances of economic inactivity, although for women, health selection effects of homemaker spells have not been found [36] . Other unmeasured contextual factors may select into voluntary inactivity, such as spousal earnings, maternity benefits, or labor market situation [37, 38] . There is ample evidence that unemployment leads to psychological problems and distress [39] , which in turn can lead to cognitive impairment. Evidence from human and animal studies suggests chronic stress is associated with neurotoxicity and adverse brain changes [40, 41] . Further, links of depression and cognitive impairment have been shown [42] . Though we could not control for depression during working ages, results did not change after including baseline depression, with the association of inactivity due to training with lower cognitive decline holding up in longitudinal analyses.
Methodological considerations
Strength of our study was the use of complete histories of employment and multiple cognitive assessments. However, several limitations should be considered. Our measure of cognitive impairment during relatively early old age is likely to reflect the lower range of statistically 'normal' cognitive function, not necessarily clinically diagnosable disorders. Results might differ for measures of mild and severe cognitive impairment in the oldest old. The main activity performed during each employment gap was based on self-reports and differs from the reason triggering the employment gap. Some activities such as training can be considered more specific or purposeful than employment gaps reported as unemployment or sickness. However, considering our interest in how employment gaps differ in their potential to increase cognitive reserve, being able to exploit information on the activities performed during employment gaps was very useful. Lack of specific or purposeful activities of unemployment or sickness spells may even be one of the reasons for the associations of these spells with cognitive impairment. Future studies should investigate pathways from single employment gaps to cognitive impairment in more detail and ideally consider reason for leave, more detailed descriptions of performed activities during the spell, and personal evaluations of activities during the spell such as their purposefulness.
In analyses stratified by occupational class, we found that unemployment and sickness spells had stronger negative effects on cognitive function for higher-skilled workers. A possible explanation is that higher-skilled workers experience a larger loss of cognitive stimulation at work when leaving the labor market, compared to lower-skilled workers in less cognitively stimulating occupations. Future studies measuring occupational complexity should assess whether this might explain differences by occupational class.
Longitudinal models confirmed the association of maternity and training spells with better cognitive function. In contrast, unemployment and sickness spells were associated with slower aging-related cognitive decline, suggesting selection mechanisms may account for associations observed in the cross-sectional analyses.
CONCLUSIONS
Employment gaps may promote but also reduce cognitive function in older age. In particular, leaves reported as unemployment and sickness are associated with higher risk of cognitive impairment indicating potential deteriorative associations of these types of economic inactivity. In contrast, training and maternity spells are associated with lower risk of cognitive impairment and slower cognitive decline. Further research based on prospective longitudinal data is needed to isolate selection and causation mechanisms in the association between economic inactivity and cognitive function. 
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OR odds ratio CI confidence interval Table 1 Sample Characteristics of the Total and the Longitudinal Sample. Prevalence a Model 2 covariates: country indicators, age, gender, reported number of books in the household at age 10 in quintiles, availability of less than two items of household equipment at age 10 (fixed bath, cold running water supply, hot running water supply, inside toilet, central heating), ISCO information of main breadwinner's occupation at age 10 in five categories (professional and managers, intermediate or lower supervisors, clerks, lower sales and services, lower technical and routine workers, and missing information), self-rated mathematical skills and language skills at age 10 relative to others, ISCED information on educational attainment in four categories (up to lower secondary, upper secondary, tertiary education, and missing information). Model 3 additional covariates household income, household wealth, ISCO information on last job (professional and managers, intermediate or lower supervisors, clerks, lower sales and services, lower technical and routine workers, and missing information), selfrated health, one or more limitation on any of Instrumental Activities of Daily Living (IADL), indicator variables indicating having been diagnosed with a medical condition (heart attack, high blood pressure or hypertension, high blood cholesterol, stroke, and diabetes or high blood sugar).
b Analysis with female sample of n = 9,964.
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